The inflammatory response may contribute to retinal pigment epithelial (RPE) dysfunction associated with the pathogenesis of age-related macular degeneration (AMD). We investigated whether the inflammatory response affects the expression of long coding RNAs (lncRNAs) in human RPE-derived ARPE-19 cells. This class of regulatory RNA molecules recently came to prominence due to their involvement in many pathophysiological processes. A proinflammatory cytokine mixture consisting of IFN-γ, IL-1β and TNF-α altered the expression several lncRNAs including BANCR in these cells. The cytokine responsible for increasing BANCR expression in ARPE-19 cells was found to be IFN-γ. BANCR expression induced by IFN-γ was suppressed when STAT1 phosphorylation was blocked by JAK inhibitor 1. Thus, proinflammatory cytokines could modulate the expression of lncRNAs in RPE cells and IFN-γ could upregulate the expression of BANCR by activating JAK-STAT1 signaling pathway.
Introduction
Recent studies have shown that long non-coding RNAs (lncRNAs), non-protein coding transcripts with a minimum length of 200 nucleotides, may mediate many pathophysiological processes including inflammatory response [1, 2] . BRAF-activated non-coding RNA (BANCR, LINC00586), a 693-nucleotide long lncRNA transcribed from human chromosome 9, has been shown to regulate proliferation and migration of melanoma and other cancer cells [3] [4] [5] . This lncRNA is also reported to regulate epithelial-mesenchymal transition (EMT) [4, 5] . Furthermore, BANCR is highly expressed in retinoblastoma tissues and cells, and silencing its expression resulted in a decrease in retinoblastoma cell proliferation, migration and invasion [6] .
Retinal pigment epithelium (RPE), a polarized monolayer of pigmented cells located adjacent to photoreceptor cells, is indispensable for visual function since it provides nutrients to the photoreceptor cells, regenerates the visual chromophore 11-cis-retinal and phagocytoses rod outer segment discs generated by circadian shedding [7] . Dysfunction of RPE resulting from abnormal inflammatory response may play a role in the pathology of age-related macular degeneration (AMD) [8, 9] . Proinflammatory cytokines secreted by infiltrating macrophages and lymphocytes may trigger retinal pigment epithelial (RPE) cell dysfunction. We have reported earlier that human RPE derived ARPE-19 cells respond to proinflammatory cytokines IFN-γ, TNF-α and IL-1β by increasing the expression of cytokines and chemokines [10] . The proinflammatory cytokines also decreased the expression of RPE characteristic genes and induced epithelial-mesenchymal transition (EMT)-like changes in these cells [11] . It is not yet known whether lncRNAs play a role in mediating the deleterious effect of IFN-γ, TNF-α and IL-1β on RPE cells. Therefore, we investigated whether these proinflammatory cytokines can affect the expression of lncRNAs like BANCR in the ARPE-19 cells. We observed that the inflammatory response altered the expression of several lncRNAs in these cells and that the activation of JAK-STAT1 signaling pathway by IFN-γ increased the expression of BANCR.
Materials and methods

Cell culture
Human ARPE-19 cells were cultured until they exhibited RPE characteristics as recently described from our laboratory [11] [12] [13] . Briefly, the cells were grown in Dulbecco's modified Eagle's medium containing 4.5 g/L glucose, 4 mM L-glutamine, 1 mM sodium pyruvate, http://dx.doi.org/10.1016/j.cyto.2017. 10.009 100 U/ml penicillin, 100 μg/ml streptomycin and 1% fetal bovine serum at 37°C in a humidified environment of 5% CO 2 . The culture medium was replaced twice every week. The cells kept under these conditions for 4 months exhibited RPE characteristics such as pigmentation, epithelial morphology and expressed visual cycle genes. The cells were treated with the proinflammatory cytokine mixture consisting of IFN-γ (100 u/ml), IL-1β (10 ng/ml) and TNF-α (10 ng/ml) in the presence of serum for 4 days unless indicated otherwise. Human 
isoquinolin-7-one; Calbiochem, San Diego, CA) for 30 min prior to treatment with IFN-γ (10 or 100 units/ml) for 20 h. A 10 mM stock solution of this compound in DMSO was diluted to the desired concentration with the culture medium immediately before use. The same amount of DMSO was also added to the control medium.
Real-time RT-PCR
Real-time RT-PCR analysis of the expression of lncRNA, mRNA and miRNA was performed using total RNA fractions isolated from ARPE-19 cells following the exposure to cytokines. An Applied Biosystems ViiA7 Real-Time PCR System (ThermoFisher Scientific) was employed and the gene expression was analyzed by the relative quantification (ΔΔCT) method. Expression of lncRNAs was analyzed using RT 2 
Western blot analysis
Western blot analysis of phospho-STAT1 was performed using extracts of ARPE-19 cells prepared with RIPA buffer (Sigma-Aldrich, St. Louis, MO) containing protease and phosphatase inhibitors (Cell Signaling Technology, Inc., Danvers, MA). Cell extracts (25 μg protein) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and the proteins were then blotted onto a nitrocellulose membrane using the iBLOT system (Invitrogen, Carlsbad, CA). Immunoreactive bands on blots were detected using Amersham ECL prime Western blot detection reagents and horseradish peroxidaseconjugated secondary antibodies (GE Healthcare, Pittsburgh, PA). A rabbit anti-phospho-STAT1 (Tyr701) antibody (Cell Signaling Technology SC 9171S, 1000-fold dilution) was used to detect phospo-STAT1. The blot was then stripped and reprobed with mouse anti-α-tubulin monoclonal antibody (Li-COR Biotechnology, Lincoln, NE). 
Results and discussion
Human RPE-derived ARPE-19 cells cultured for 4 months differentiate into a RPE phenotype characterized by pigmentation, typical epithelial morphology, and visual cycle gene expression [12, 13] . Recently we reported that proinflammatory cytokines IFN-γ, IL-1β and TNF-α can drastically decrease the expression of genes critical for RPE function in these differentiated cells while disrupting their epithelial morphology [11] . Therefore, we employed this system to study the response of lncRNA expression to proinflammatory cytokines. Differentiated ARPE-19 cells were exposed to a cytokine mixture consisting of IFN-γ, IL-1β and TNF-α. The expression of IL8, CCL5 and CXCL10 transcripts was highly increased in the treated cells indicating that the cytokine treatment was effective (data not shown). Phase contrast microscopic analysis showed that the cells lost the typical epithelial morphology following the treatment, as expected (Fig. 1A) . The treatment also markedly decreased the expression of RPE characteristic mRNAs (RPE65, RLBP1, MITF, TRPM1 and TRPM3) and miRNAs (miR-204 and miR-211) (Fig. 1B) . The expression of a panel of 84 known human lncRNAs in control and treated cells were analyzed by real-time PCR. The proinflammatory cytokines altered the expression of many of the lncRNAs tested (Fig. 1C) . The expression of 36 lncRNAs were decreased, while those of BANCR, EGOT and LUCAT1 were increased several fold. We selected BANCR for further investigation since it is a well characterized lncRNA that has been shown to regulate cell proliferation, migration and EMT [3] [4] [5] .
The expression of BANCR in ARPE-19 cells treated with IFN-γ, IL-1β and TNF-α was analyzed by real-time PCR. The validity of this assay was verified by sequencing the amplification product. The DNA sequence thus obtained showed 100% identity to the BANCR cDNA region expected to be amplified by the primers. BANCR expression showed a dependence on the concentration of the proinflammatory cytokines ( Fig. 2A) . The response of BANCR to each proinflammatory cytokine was also tested (Fig. 2B) . IFN-γ by itself increased BANCR expression. However, IL-1β and TNF-α did not affect the expression of this lncRNA in ARPE-19 cells. Also, these two cytokines did not noticeably alter the effect of IFN-γ on BANCR expression. As IFN-γ elicits its action in RPE cells by activating the JAK-STAT1 signal transduction pathway [14] , we investigated the role of this pathway in regulating BANCR expression. Western blot analysis was employed to detect phospho-STAT1, an indicator of STAT1 activation by IFN-γ. The duration of IFN-γ treatment was decreased from 4 days to 20 h to facilitate the detection of phospho-STAT1 on Western blots. IFN-γ increased BANCR expression in ARPE-19 cells under this condition and JAK inhibitor 1, an inhibitor of Janus protein tyrosine kinases and a known blocker of JAK-STAT1 signaling, effectively suppressed this increase (Fig. 2C) . JAK inhibitor 1 also markedly reduced phospho-STAT1 content in IFN-γ-treated cells, as expected. Thus, JAK-STAT1 signaling pathway appears to be involved in the induction of BANCR expression by IFN-γ.
We have shown that the expression of many lncRNAs is altered during the interaction of human RPE (ARPE-19) cells with proinflammatory cytokines IFN-γ, IL-1β and TNF-α. The expression of the lncRNA BANCR in these cells is increased by IFN-γ and this increase is effectively blocked by inhibiting the JAK-STAT1 signaling pathway. BANCR is reported to regulate cell migration and EMT in cancer cells [3] [4] [5] . The role of BANCR in the inflammatory response of RPE cells remains to be elucidated. We have reported earlier that IFN-γ, IL-1β and TNF-α elicit EMT-like changes and decrease the expression of many RPE characteristic genes in ARPE-19 cells [11] . Here we have shown that these proinflammatory cytokines-induced dysfunctional changes in these cells are associated with an increase in the expression of BANCR. Therefore, BANCR, due to its ability to regulate EMT, may potentially serve as a link between inflammatory response and RPE dysfunction.
